Background/Aim. Hyperreactivity of the airways caused by inflammation in asthmatics is the most important pathophysiological change. It represents a suitable ground that in the presence of risk factors and the drivers of asthma, asthmatic attack occurs. Atopic constitution is one of the most important risk factors for the development and expression of asthma. The aim of our study was to investigate the relationship between nonspecific airway hyperreactivity and atopic constituton in asthmatics. Methods. This retrospective analysis was conducted considering the results of nonspecific bronchoprovocative test with histamine, skin tests to inhalant allergens and total IgE levels in the serum of asthmatic patients with controlled bronchial asthma. The sample consisted of 162 asthmatics examined during one-year period. Results. The examinees were male asthmatic patients, aged between 18 and 30 years. We found that the examinees with a pronounced non-specific hyperreactivity had more significant skin reaction to inhaled allergens and higher levels of total IgE in serum. Conclusion. The results of our study show that the intensity of airway hyperresponsiveness to histamine in asthmatics is directly related to atopic constitution.
Introduction
As a consequence of chronic inflammation, enhanced bronchoconstriction occurs in bronchial asthma as a response of the airways to many endogenous and exogenous factors. That amplified response of the airways to a variety of stimuli that elicit the bronchoconstriction represents the bronchial hyperreactivity (BHR) 1 .
BHR is variable and dependent upon the nature of the inflammatory processes whose intensity varies with asthma and is influenced by numerous factors such as allergens, respiratory infection, and certain medications 2 . Considering that a certain degree of reactivity of the airways in asthmatic patients is always present, BHR can be referred to as variable or constant phenomenon. Strict division of the mentioned components is not possible because the processes that influ-ence BHR are interdependent. Such is the case with inflammation in chronic form which can lead to cell changes that can cause permanent BHR 3 . BHR can also be divided to the direct or indirect depending on the mechanisms of action and the stimuli which caused it. At the same time, some of them influence more permanent and the others variable components. Histamine acts directly on the receptor in the airway smooth muscle leading to their contractions and bronchoconstriction.
On the other hand, indirect stimuli, which include physical exertion, hyperventilation, hypertonic solution, cause the release of mediators (prostaglandins, leukotrienes and histamine), which act on receptors in the smooth muscle of the respiratory tract, leading to the same effect -bronchospasm 4 . Histamine with its direct influence amplifies the effect of permanent BHR. However, histamine achieves the effect of histamine on the reflex mechanisms of bronchoconstriction and contributes to the manifestation of the effects of indirect stimulus to the airways. Although the mechanism of effects of histamine is not clear enough, nor investigated in detail, it is known that it depends on the preexisting inflammation and other bronchoconstrictor stimuli 1, 3 . Viewed from the aspect of pathophysiology, hyperreactivity is a complex process associated with a series of immunological, neurological, and structural changes that lead to bronchial obstruction which is manifested by characteristic symptoms and signs of an asthma attack.
The occurrence and expression of bronchial asthma is affected by multiple risk factors for worsening of preexisting asthma or asthma exacerbation factors, provocative factors or triggers of asthma. Among these the most common are allergens, respiratory infections, physical exertion, hyperventilation, emotional stress, respiratory irritants that directly or indirectly trigger bronchoconstriction receptors in the airways.
The existence of hyperreactivity of the airways can be determined and measured by laboratory tests that involve controlled exposure to direct or indirect stimuli. These tests contribute significantly to the precise diagnosis of asthma or reduce the risk of wrong diagnosis of the disease based only on asthma symptoms 5, 6 . Atopic constitution is the tendency of the body to react to a contact with allergens with increasing production of immunoglobulin E (IgE). Atopic constitution and bronchial hyperresponsiveness are tightly linked characteristics of bronchial asthma 7 . Atopy affects the hyperreactivity of the airways in a manner that it induces and promotes inflammation in the airways and thereby increases BHR 8 . Although there are various indicators of the degree of atopy, there is no complete consensus in the scientific community concerning this issue. The most frequently used are total IgE, specific IgE, the number of positive intracutaneous tests or sum of several indicators 7 . Recent evidences suggest that the increase of IgE serum levels to dust mites is a reliable indicator of worsening asthma 9 . The aim of this study was to invesigate the relationship between nonspecific airway hyperreativity and atopic constitution in asthmatics.
Methods
We retrospectively analyzed the results of bronchoprovocation test with histamine on 162 asthmatics with controlled bronchial asthma who were examined during the oneyear period in the functional diagnostics of the lung in the Military Medical Academy in Belgrade, Serbia. The examinees were male, aged between 18 and 30 years. They all underwent bronchoprovocation test with histamine. The assay started with a minimal concentration of 0.03 mg/mL and each next concentration was twice the previous. They all had a positive bronchoprovocation histamine test. All of them had a decrease in forced expiratory volume in the first second (FEV1) compared to baseline value of at least 20% with inhaled histamine concentrations up to 4 mg/mL. In addition, all the subjects underwent skin prick-tests with inhaled allergens. The diameter of changes on the skin at the site of application of allergens was measured in mm. Test was considered positive if there was the appearance of skin lesions of the diameter at least 50% of the diameter of the skin change on the site of histamine administration, which was used as a positive control. The level of total IgE in the serum was determined in all patients using nephelometric method. The examinees were divided into two equal experimental groups per 81 patients each. The first group consisted of the patient with positive histamine test at the concentration of histamine up to 2 mg/mL and the second group of the patients had positive histamine test at the concentration of 2-4 mg/mL.
Statistical analysis
Complete statistical analysis was performed using a commercial statistical software SPSS Statistics 17. A certain number of variables was incorporated in the form of the frequency of certain features (categories) and the statistical significance of differences between the groups was evaluated using the χ 2 test. In the case of continuous variables, the data were presented as the mean ± standard deviation (SD). Normal distribution of the data was checked using the KolmogorovSmirnov test. In case of fulfillment of the conditions of normality, statistical significance within and between the groups was checked using the t-test for dependent and independent features. Otherwise, for the estimation of significance between the groups, the Mann-Whitney U-test was used. A statistically significant difference was estimated at the minimum level of p < 0.05.
Results
All the participants were male, asthmatics. There was no significant difference in age or in the baseline FEV1 between two groups of patients ( Table 1) .
The examination of atopic constitution showed some characteristics. All the subjects had positive skin tests to most standard inhaled allergens. However, the intensity of skin reactions to certain allergens, expressed as atopic index, which represents the mean maximum diameter of skin lesions, was not the same by the groups. The patients from the first group had a more intense, statistically important, skin reaction to dermatophagus and grass pollen (Figure 1) . By analysing the levels of total IgE in the serum as another indicator of atopic constitution, we obtained the results that confirmed the previous ones, related to skin tests. Respectively, the first group of our examinees with more intense skin reaction, also had significantly higher levels of total IgE in the serum (Table 2) . When examining of nonspecific airway hyperresponsiveness to histamine it was found more pronounced hypersensitivity and airway hyperresponsiveness in the subjects of the first group. They reacted to a much lower concentration of histamine, on the average of about 0.6 mg/mL (Table 2) .
With regard to hyperreactivity, or the degree of FEV 1 decrease after histamine test, subjects of the first group also showed a higher degree of reduction of this parameter. The patients in the first group had an average decline in FEV1 of 33.5%, whereas the respondents in the second group had a decline in FEV1 of 29.8% (Table 2) .
Discussion
BHR and atopy are two characteristic features of bronchial asthma. Their association contributes to complex pathophysiological events and clinical manifestations of bronchial asthma.
In our study, we aimed to investigate the relationship between nonspecific airway hyperreactivity and the atopic constitution of asthmatics. Although all the respondents were sensitive to most of inhaled allergens, we observed a significantly higher response to dermatophagus and grass pollen consistent with the climate they lived in. The intensity of skin reactions to inhaled allergens is also positively correlated with the level of total IgE in the serum as another indicator of atopic constitution. Backer et al. 10 got similar results in the Australian study conducted on a population of 527 children and adolescents, where they had proven that atopic index and BHR are closely related.
Results of other studies confirm that atopy promotes otherwise already present chronic inflammation in the airways of asthmatics, which leads to increased BHR 8 . The association of allergy and atopic constitution and bronchial asthma is characteristic of allergic asthma, generally among younger population of asthmatics.
However, the effect of atopy on asthma is significant and in later life to which, among others, pointed Plaschke et al. 11 in their research. The specificity of our research was in the fact that we tested the older population than it was the case with other authors and that all of our respondents had clearly manifested bronchial asthma. This research confirms the previously stated fact that atopic constitution remains an important factor not only in adolescents but also in adults.
Kim et al. 7 , have demonstrate that the relation between atopy and asthma is positive, ie BHR increases with increasing levels of total IgE in serum.
The results that we obtained, lead us to a similar conclusion. A group of our patients with pronounced BHR also had a pronounced atopic constitution or higher levels of total IgE in the serum and intense skin reaction to inhaled allergens.
Conclusion
Based on the results of this study, we can conclude that the asthmatic's bronchial hyperreactivity depends on atopic constitution.
Atopic constitution represents the most important event in the development of bronchial hyperreactivity in asthmatics. The intensity of bronchial hyperreativity in asthmatics is directly related to the intensity of atopic constitution manifested by the increased formation of IgE in the serum and skin hypersensitivity to inhaled allergens.
